Due to the constant increase in the areal density of information in magnetic storage, spin waves in microscopic ferromagnetic structures were extensively studied. Furthermore, interesting phenomena of spin waves were experimentally observed, such as spin wave confinement [1], spin wave interference [2], Doppler shift [3] . Based on those properties, spin waves were proposed to carry information as new spintronics devices.
Introduction
Due to the constant increase in the areal density of information in magnetic storage, spin waves in microscopic ferromagnetic structures were extensively studied. Furthermore, interesting phenomena of spin waves were experimentally observed, such as spin wave confinement [1] , spin wave interference [2] , Doppler shift [3] . Based on those properties, spin waves were proposed to carry information as new spintronics devices.
Spin waves are spin angular momenta propagating in magnetic lattices. It's possible to utilize spin waves as information carriers in a circuit made of ferromagnetic material, which is named as spin wave bus [4] . The phase and amplitude variation of spin waves produced by Oersted fields of DC current were studied by time-and spatial-resolved Brillouin light-scattering technique, which has the potential to be used for logical operations [5, 6] in the next generation devices. Local excitation, manipulation and detection of spin waves are the core issues for all the applications.
In this work, we present excitation, manipulation and detection of spin waves in a Py strip by electrical ways.
Experiment
A sample was fabricated with electron beam lithography, electron beam deposition and lift-off techniques. Figure 1(a) shows the experimental configuration. A long Py strip was designed as a spin wave waveguide which was deposited on a silicon substrate with a thickness of 100 nm and a width of 6 µm. In order to locally excite spin wave, a well-designed 50-Ohm impedance coplanar waveguide (CPW) was made of gold at left side of the Py strip on a 36-nm-thickness SiO 2 insulator layer. Spin wave is expected to propagate along the strip and is detected electrically on two probes based on spin rectification effect [7] at the other end of the strip. Here, two probes were located at distances of 200 µm and 400 µm from the CPW, respectively. Between the CPW and detection probes, a gold strip was deposited on the top of the Py strip which was also insulted with Py by SiO 2 . External magnetic field H was applied in-plane along the Py strip with angle θ less than 5 degree. By applying a DC current I DC in the gold strip, an inhomogeneous magnetic field was created as a barrier of spin wave. 
Results and discussion
Spin waves were excited by the CPW and detected by the standard lock-in technique by modulating the microwave output power (13 dBm) at a frequency of 9.371 kHz. We detected a DC voltage signal in this experiments without DC current applied to the Py strip. The DC voltage comes from the time-averaged product of microwave current in Py strip induced by microwave and the high-frequency resistance change, which is due to spin dynamic process according to the anisotropic magneto resistance effect (AMR). This phenomenon is spin rectification effect [7, 8] . And the DC voltage signal is θ is the angle between external magnetic field H and the Py strip. m xθ is the dynamic magnetization perpendicular to the external magnetic field H, and j z is microwave current along the Py strip. Figure 1(b) shows the photo voltage of spin waves while a uniform external magnetic field H and a 5.5-GHz microwave were applied. The first and the second spin wave modes are displayed and labeled by triangle and circle symbols, respectively. Both of them are quantized in the direction of perpendicular to the strip and propagating along the strip. Each modes show a dispersive line shape which indicates the phase difference between microwave current and spin wave [5] . Spin wave dispersion curves shown in Fig.1(c) , are plots of photo voltage curves as a function of microwave frequency. As expected, the dispersion curves well agree with the Kittel's formula.
According to the Biot-Savart law, with I DC = 0.3 A, a magnetic field was applied locally and its in-plane component was 6.3 mT, which played as a barrier of spin waves. Figure 2 displays the photo voltage signals (at 3.5 GHz). With increasing the DC current, propagating spin waves were partially blocked by the barrier, leading to the reduction of photo voltage. In the inset of Fig.2 , normalized signal amplitudes are plotted as a function of DC current, which clearly indicates that spin wave propagation can be manipulated by a DC current. Here, the amplitude did not get zero because the barrier height was limited by the maximum DC current we could apply in this experiment.
Summary
In this work, spin waves were excited by CPW in a Py strip and were detected by an electrical technique based on spin rectification effect. With applying a DC current, the propagation of spin waves was suppressed in the Py strip. We demonstrated that spin wave excitation, manipulation and detection in Py strip are possible by electrical ways.
